Wines of three different grape varieties, Vranec, Cabernet Sauvignon and Merlot, were characterised in terms of their anthocyanin and chromatic profiles, total polyphenols and antioxidant potential. The total, monomeric, polymeric and co-pigmented anthocyanins were determined by spectrophotometry and the individual anthocyanin compounds were quantified using HPLC-DAD. The chromatic profile was evaluated according to colour density, hue, % red, % blue, % yellow and brilliance (dA). The established data were submitted to analysis of variance and principle component analysis in order to evaluate their potential for differentiation of wines according to variety and vintage. The Vranec wines showed distinctive characteristics, with the highest content of anthocyanins and values of colour intensity, % red and dA, compared to the other two studied varieties. The content of petunidin-3-glucoside, peonindin-3-glucoside and anthocyanin acetates were established as possible markers for the differentiation of Vranec wines from Cabernet Sauvignon and Merlot wines. However, none of the assayed parameters could be used for the differentiation of Cabernet Sauvignon from Merlot wines. It was observed that wine age limits the successful classification of the wines by variety according to anthocyanins. The chromatic parameters allowed young (aged up to 1 year) to be distinguished from old Vranec wines.
INTRODUCTION
Wine is a complex product composed of various compounds of different nature. One of the most important components of wines that influence their quality parameters are polyphenols. Polyphenols contribute to the organoleptic characteristics, such as colour, astringency and bitterness and also exert antimicrobial and antioxidant properties. 1 Anthocyanins are polyphenols of the flavo-ANTHOCYANIN PROFILES OF RED WINES 1311 of the elements was also purchased from Sigma-Aldrich (St. Louis, MO, USA). Deionised water was obtained from an ultra pure water system TKA Lab micro (Niederelbert, Germany).
Total phenolic content. The total phenols in the wines were determined spectrophotometrically (Cary 50 SCAN, Varian, Inc., USA) at 765 nm, according to the method of Slinkard and Singleton 13 using Folin-Ciocalteu reagent and gallic acid as a standard substance. The results were calculated as the mean of three measurements and are expressed as gallic acid equivalents (GAE, mg L -1 ).
Determination of the colour components. The colour components, colour intensity (CI), hue (H), brilliance (dA), percent red (%R), percent yellow (%Y) and percent blue (%B) were determined by direct measurement of the absorbance of the wines at 420, 520 and 620 nm in 2 mm cuvette after filtering of the samples. CI was calculated as the sum of the absorbances at 420, 520 and 620 nm and H as the ratio between the absorbance at 420 nm and the absorbance at 520 nm. The other colour variables, dA, %R, %Y and %B were calculated according to Glories. 14 Determination of co-pigmented, monomeric, polymeric and total anthocyanins. The content of monomeric, co-pigmented, polymeric and total anthocyanins was determined according to the method based on the colorimetric effects that wines exert after addition of SO 2 and acetaldehyde. 15 The spectrophotometric measurements were performed in a 2 mm cuvette at 520 nm. The obtained readings were corrected for a 10 mm optical path and used for the calculation of the co-pigmented, monomeric, polymeric and total anthocyanins expressed as absorption units (a.u.) and percents.
Antioxidant activity. The antioxidant capacity of the wines was determined as their antiradical DPPH • activity (I 50% ). The stable 2,2-diphenyl-1-picrylhydrazyl radical (DPPH • ) was used in the procedure described by Brand-Williams. 16 The effect of distinct wine aliquots on DPPH • inhibition (I%) was calculated using Eq. (1):
where А 0 is the absorbance of the blank and А i is the absorbance of the sample.
According to the calculated values, a graph was constructed relating the DPPH • inhibition (%) and the wine quantity (mL). From the graph, the quantity of wine (mL) that caused 50 % inhibition of the DPPH radical was determined and expressed as I 50% .
Determination of anthocyanins by HPLC. The anthocyanins were determined using a Shimadzu Prominence liquid chromatography system comprising a quaternary pump LC-|-20AT, a photodiode detector SPD-M20A, a column oven CTO-20AC, an autosampler SIL--20AC, an on-line degasser DGU-20A5 and a bus communications module CBM-20A. The system was controlled by Class VP 7.3 software. Separation of the compounds was achieved using a Purospher STAR RP-18e column (250 mm×4 mm I.D, 5 μm particle size) supplied by Merck, Darmstadt, Germany, protected with a guard column of the same packing material (4 mm×4 mm). The chromatographic conditions were as described in a previous study. 17 The anthocyanins were identified by the retention time, elution order and the spectral characteristics of the compounds. The amounts of the anthocyanins identified in the samples are expressed as malvidine-3-glucoside equivalents.
Statistical analysis. The means and standard deviations were calculated using Microsoft Excel ® 2003. For comparison of the means, one-way ANOVA and Tukey's post-hoc test were applied at the 95 % significance level (p < 0.05). In addition, multivariate analysis including Principal Component Analysis (PCA) was performed using SPSS ® 18.0 software.
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RESULTS AND DISCUSSION

Chemical profile of the wines
The mean values of the colour components, content of anthocyanins and total phenols, and the antioxidant capacity of the wines (2005-2008 vintages) of Vranec, Cabernet Sauvignon and Merlot varieties are summarized in Table I,  while Table II Differences in average values of the studied parameters were observed amongst the wines of different variety (Table I ). The Vranec variety wines had the highest colour intensity compared to the Cabernet Sauvignon and Merlot wines. This is due to the higher content of total and polymeric anthocyanins observed in Vranec wines, since anthocyanins are related and contribute to the colour intensity of wines. 3 Vranec wines have also shown the highest values for percent red (%R), brilliance (dA) and monomeric anthocyanins. However, although they were the wines richest in anthocyanins, their content of total phenols was not markedly higher compared to the Cabernet Sauvignon and Merlot wines. The lowest average phenolic content (2023 mg L -1 GAE) was measured in the Merlot wines, but this value did not differ significantly from the other two studied wine varieties. ANOVA and the Tukey post hoc test used on the obtained data for the wine characteristics revealed statistically significant differences among the wines only for three parameters: colour intensity and contents of polymeric and total anthocyanins. These parameters allow differentiation of Vranec wines from the Cabernet Sauvignon and Merlot varieties, but not between the Merlot and Cabernet Sauvignon wines. Regarding the antioxidant capacity, Vranec, Cabernet Sauvignon and Merlot wines exhibited very similar values of DPPH • activity (I 50% ≈ 20), which did not change with ageing of the wines (Table II) . Additionally, the Pearson's coefficients of correlation were calculated from the data of the analysed characteristics of the wine samples. It was found that the total anthocyanins showed highly positive correlations with the colour intensity (r = 0.967), %R (r = 0.743) and brilliance, dA (r = 0.740), and negative correlations with hue (r = -0.780) and %Y (r = -0.811).
Comparing the average values of wine characteristics grouped by vintage (Table II) , it was observed that the %R and dA were higher in younger wines than in older wines, while older wines were characterized by higher %Y and hue values. The younger wines were also richer in monomeric and co-pigmented anthocyanins (Table II) . In young red wines, a co-pigmentation phenomenon occurs that involves molecular association between anthocyanins and other, usually, non-coloured organic molecules. The colour exhibited by these co-pigmented complexes could be 30-50 % higher than that of the anthocyanin free forms. 18 On the other hand, during storage and ageing of wines, the co-pigmented complexes break up and polymerization reactions and condensation of anthocyanins with other wine constituents occur. As a result, the concentration of the monomeric anthocyanins decreases in favour of the polymeric anthocyanins. The newly formed polymeric pigments are compounds with different spectral characteristics that affect the chromatic properties of the wines, changing the hue to higher values. 9, 19 In addition, the proportion of yellow colour of aged wines was simultaneously enhanced with increasing degree of polymerization. 20 The data obtained in this study for the analysed colour parameters are in agreement with the results reported by Cliff et al., 21 who compared 4 different wine varieties over 7 vintages and found higher contents of monomeric, co-pigmented and total anthocyanins in the younger wines, regardless of the variety.
The applied ANOVA and Tukey's post-hoc test showed that among the wines of different vintages, statistically significant difference existed only in the content of polymeric anthocyanins. Actually Concerning the content of total phenols and the antioxidant capacity, statistically significant differences were not evidenced among the wines of different vintages. This indicates that the antioxidant activity of the wines was not related to the age of the wine, but rather with the concentration of phenolic compounds present in the wine. It is known that the antioxidant capacity and the content of phenolics strongly correlate and that wines containing higher levels of phenolic compounds are usually associated with stronger antioxidant activity. [22] [23] [24] In the wine samples, 14 anthocyanin compounds were unambiguously detected and quantified and the average values of individual anthocyanins grouped according to variety are presented in Table III . In order to facilitate the comparison of anthocyanin profiles of the wines, the anthocyanin concentrations were normalized, i.e., the compounds were expressed as percent of the total. The anthocyanin profiles of the analysed wine samples were submitted to statistical tests for wine differentiation.
It was observed that the profiles of the monomeric anthocyanins of the wines were distinctive and related to the grape variety. Malvidine-3-glucoside was the predominant compound in the wines of all grape varieties, which is in agreement with literature data. 4, 10 Malvidine acetyl and coumaroyl derivatives were also found in abundance compared to the other anthocyanins. The proportion of malvidine-3-glucoside in the Cabernet Sauvignon wines (36.5 %) was lower compared to the Vranec (44.1 %) and Merlot (40.3 %) wines. On account of this, the proportion of malvidine acetate was substantially higher in the Cabernet Sauvignon (14.3 %) than in Vranec (7.9 %) wines, but almost the same as in the Merlot (14.4 %) wines. The relative content of malvidine-3-glucoside that was found in the analysed wine samples was slightly lower compared to the Cabernet Sauvignon wines studied by Burns et al. 6 The proportion of malvidine-3-glucoside in the Vranec wines varied in the range 22.4-48.8 %, depending on the wine age. Older wines contained significantly lower levels of this anthocyanin, which indicated its degradation or transformation during the processes of wines ageing. One assumption is that malvidine-3-glucoside in the presence of fermenting yeasts is involved in addition reactions with pyruvate molecules forming vitisin A, a compound that is not detected in grapes but exists in abundance in young wines and decreases with their maturation. 25, 26 Mv-3-glucoside also reacts with caffeic acid building pinotin A, the concentration of which increases with ageing and reaches a maximum in about 5-year-old wines. 27 ___________________________________________________________________________________________________________________ Available online at www.shd.org.rs/JSCS/ DIMITROVSKA, TOMOVSKA and BOCEVSKA The highest content of total anthocyanins expressed as malvidin-3-glucoside equivalents was found in the Vranec wines, with an average value of 112.4 mg L -1 . Very large variations in the concentrations of total anthocyanins among samples of this variety were observed as a result of the different age of the wines. In general, younger wines were richer in monomeric anthocyanins, detectable by liquid chromatography, than older ones. For Cabernet Sauvignon wines, the average concentration of total monomeric anthocyanins was 53.4 mg L -1 , a value lower in comparison to the data reported by González-Neves et al. 7, 28 A possible explanation for this discrepancy is the domination of older wine samples in the set of Cabernet Sauvignon wines analysed in the present study and the fact that the mentioned literature values referred to wines analysed immediately after completion of the alcoholic fermentation or wines of maximum 1-year old. In the Merlot wines, the content of total monomeric anthocyanins varied from 70 mg L -1 for mature wines (3 years) to 185 mg L -1 for young wines (1 year).
Statistical analysis of the anthocyanin components with ANOVA (p < 0.05) and the Tukey's post hoc test showed possible differentiation of Vranec from Merlot and Cabernet Sauvignon wines according to the content of petunidin-3--glucoside and peonidin-3-glucoside, but not between Cabernet Sauvignon and Merlot wines (Table III) . Between wines of Vranec and the other two varieties, Cabernet Sauvignon and Merlot, statistically significant differences were also verified in the proportion of anthocyanin acetates, which agrees with the results published by Arozarena et al. 29 According to these authors, differentiation of several varieties of Spanish wines was possible based on their anthocyanin fingerprint, with malvidine-3-glucoside being the most discriminating compound. On the other hand, Kallithraka et al. 30 did not obtain consistent anthocyanin profiles even for monovarietal wines and thus considered the anthocyanin composition inappropriate for establishing wine authenticity. According to their study, significant changes in anthocyanins distribution occurs during vinification and particularly during maturation of wines as a consequence of considerable transformations of the monomeric anthocyanins to co-pigmented and polymeric forms.
Anthocyanin ratios in the wines
Genetic factors are determinant for every grape cultivar to have its own specific anthocyanin pattern. 4, 31, 32 It is assumed that the anthocyanin pattern is constant and independent of the environmental conditions, so it was proposed that it could be used for discrimination of the grape varieties. Moreover, the established ratios between some anthocyanins were considered as parameters upon which the identity of the grape could be verified 7 and the same principle could be used in certifying the authenticity of single variety wines. 33 Based on the measured concentrations of individual anthocyanins in the studied wines, several anthocyanin ratios were calculated and are presented in Table   ___________________________________________________________________________________________________________________ Available online at www.shd.org.rs/JSCS/ IV. These ratios were statistically analysed to identify variations that could be used for differentiation of the wine varieties. Analysis of variance showed that the ratios ΣGluc/ΣAcet, Pt3gl/De3gl, De3gl/Pn3gl and Mv3gl/Mvac in Vranec wines differed significantly from those of Cabernet Sauvignon and Merlot wines, but they did not differ between Merlot and Cabernet Sauvignon wines. These findings indicate that Vranec wines are characterized by a specific anthocyanin profile that distinguishes them from other international varieties of wines, such as Cabernet Sauvignon and Merlot. 
Differentiation of the wines
In order to further study the possibilities for classification and differentiation of wines, Principle Component Analysis (PCA) was performed. PCA is a multivariate method that produces new set of variables obtained as a result of the linear combination of the original descriptors. The new variables or principal components are calculated so as to retain most of the information present in the original data set, but reduced in the least number of variables. 34 PCA was applied to the data of individual anthocyanins determined in the studied wines. Of the fourteen variables, three components with eigenvalues greater than 1 were obtained, accounting for 87.5 % of the variation. The first component explained 54.1 %, the second 23.1 %, and the third component explained 12.2 % of the total variation. After the third component, the percentage of explained variation drastically decreased, so it could be concluded that the most relevant information is obtainable from the first three components. The ___________________________________________________________________________________________________________________ Available online at www.shd.org.rs/JSCS/ component matrix showing the distribution of variables in the three components is presented in Table V . The predominant variables grouped into the first component include: peonidin coumarate, cyanidin-3-glucoside, delphinidin-coumarate, delphinidin acetate, malvidin-3-glucoside and petunidin acetate. The second component contained peonidin-3-glucoside and petunidin-3-glucoside. Cyanidin acetate dominated in the third component. The score plot of the first two components is shown in Fig. 1 . The principle component analysis confirmed that wines of the local Vranec variety could be easily distinguished from Merlo and C. Sauvignon, while the latter two were harder to separate. The first group, located in the positive part of the principal component 2 (PC 2) and the negative part of the principal component 1 (PC 1) consisted of samples of Vranec wines. The second group, in the central part, with negative values for PC 2, covered the Merlot wines, while a third group was located in the negative part of PC 2 and contained the Cabernet Sauvignon wines. Difficulties achieving ideal varietal classification of Cabernet Sauvignon and Merlot wines according to anthocyanins were also reported by other authors. 24 On the other hand, González-Neves et al. 7 obtained satisfactory differentiation of Cabernet Sauvignon from Merlot and Tannat wines, but not between the latter two varieties.
Deviation from the correct grouping was observed in two samples of Vranec wine and one sample of the Cabernet Sauvignon variety. Since these three wines were produced in the 2006 vintage unlike the rest that were of recent date, it was supposed that the observed deviations were due to the age of the samples. This finding tends to support the results published by De Villiers et al., 2 who did not achieve a successful classification of South African wines of a large range of vintages by their anthocyanin profile. These data may support the assumption that the variety characteristics are obscured as a result of changes in the anthocyanin pattern during ageing and the age of wines becomes a limiting factor in their classifications by anthocyanins. Since statistical analyses (ANOVA) of the wine colour characteristics and type of anthocyanins obtained by spectrophotometric measurements (Table I) showed that colour intensity and content of total and polymeric anthocyanins could be used as indicators for differentiation of Vranec wines from other wine varieties, an attempt was made to group the wines of the Vranec variety according to age using multivariate methods based on spectrophotometric data.
The component matrix of the variables used for the classification of Vranec wines is presented in Table VI . Of the total number of variables, three main components were extracted that together described 94.5 % of the variation. Most of the variables, such as %Y, hue, total anthocyanins, monomeric anthocyanins, brightness, %R, colour intensity and polymeric anthocyanins were located in the first component. Percent blue (%B) dominated in the second component, while the co-pigmented anthocyanins were descriptors of the third component.
The best segmentation of wine samples according to age was obtained by the loading plot of the first (PC1) and third (PC3) component, as shown in Fig. 2 . 
CONCLUSIONS
The results of this study represent a certain contribution to a database of the chemical properties of red wines obtained from the most common grape varieties
